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[57] ABSTRACT

A forming roll positioned in the forming section of a
Fourdrinier papermaking machine and supported above
the forming medium in contact with one surface of a
constituent material to sandwich the material between a
substantial arc segment of the forming roll surface and
the forming medium.

19 Claims, 3 Drawing Figures
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1
FORMING ROLL APPARATUS

This is a continuation-in-part of application Ser. No.
581,124 filed on Feb. 17, 1984, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention
This invention relates to a forming roll which is a

rotatable cylindrical roll positioned in the forming sec- 10

tion of a Fourdrinier papermaking machine and sup-
ported above the forming medium in contact with one
surface of a web being formed to sandwich between the
roll surface and the forming medium the constituent
material which forms the web. The forming roll 1s par-
ticularly useful in the actual formation of a paper web as
well as in the improvement in the formation quality of
the paper web.

2. Description of the Prior Art

In the typical Fourdrinier papermaking machine, an
aqueous suspension of fibers, called the “stock” is
flowed from a headbox onto a traveling Fourdrinier
wire or medium, generally a woven belt of wire and/or
synthetic material, to form a continuous sheet of paper
or paper-like material. In this connection, the expression
“paper or paper-like material” is used in a broad or
generic sense and is intended to include such items as
paper, kraft, board, pulp sheets and non-woven sheet-
like structures. As the stock travels along on the Four-
drinier wire, formation of a paper web occurs, as much
of the water content of the stock is removed by drain-
ing. Water removal is enhanced by the use of such well-
known devices as hydrofoils, table rolls and/or suction
devices. Subsequent to the formation of the paper web,
the paper web may be caused to engage a dandy roll to
improve both the formation of the sheet and the quality
of its surface. While water is being removed from the
stock and the paper web is being formed and thickened,
the consistency of the constituent material varies from
the consistency of the stock at the headbox, which may
be about 0.5 to 1%, to the comnsistency of the fully-
formed paper web, about 2 to 2.5%, and finally as it
engages the dandy roll, usually about 3% to 4%. 1t is
generally understood that until such time as the paper
web is fully-formed at a consistency of about 2 t0 2.5%,
the forming medium carries a partially-formed web
with some still unformed stock above it. The terms
“web/stock sandwich” and ‘“‘constituent material” are
used interchangeably herein to identify the combined
partially-formed web having the unformed stock above
1t.

In recent years, there has been a desire to increase the
efficiency of the Fourdrinier machine while at the same
time increase the quality of the paper being formed. In
attempting to meet these objectives, efforts have been

made to modify existing machines. For example, as.

noted herein, it has long been known to improve the
quality of the paper being formed in the forming section
of a Fourdrinier machine by positioning a dandy roll
above the forming medium and in contact with the
paper web at a point where the paper web has already
been formed and the average consistency of such web is
about 3% to 4%. Usually, suction devices such as suc-
tion boxes have been positioned upstream and down-
stream of the dandy roll to facilitate the use thereof.
Efforts to improve the results obtained by use of such
dandy rolls have included the use of rolls having greater
diameters than the diameter of a standard dandy roll in
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order to increase the surface area of the roll against
which the paper web is urged by the forming medium.
In fact, dandy rolls having a diameter of up to six feet
are known to be in use. However, there has been a
tendency in modern Fourdrinier machines to increase
machine speed, and the combination of greater machine
speed and dandy roll diameter has not been entirely
satisfactory. For example, in such applications there has
been a tendency for an excessive amount of water to be
flung back upon the web when it is separated from the
dandy roll during the papermaking operation.

In a further effort to increase the usefulness of the
dandy roll in improving the formation quality of paper,
a partially-formed web with some still unformed stock
above it at an average material consistency in the 1.5 to
2% range has been known to engage a dandy roll dip-
ping significantly, 3 to 4 inches, down into the forming
medium to increase the surface area of roll against
which the web/stock sandwich is urged by the forming
medium. To facilitate operation of such an embodiment,
the suction boxes positioned upstream and downstream
of the dandy roll have been tilted so that the surfaces of
the suction box covers substantially conform to the path
traversed by the slightly curving forming medium in the
vicinity of the dandy roll. Such structure has been use-
ful in improving the formation quality of the paper web
at papermaking machine speeds not in excess of 1000
f.p.m. However, at greater speeds there is a tendency
for the disruption, due to its momentum, of the stock
over the partially-formed web in the vicinity where it
first engages the dandy roll.

In another known apparatus described in West Ger-
man patent application DE No. 3142054 Al in the
name of Bubik et al, a fiber suspension is delivered upon
a traveling Fourdrinier wire. The suspension 1s subse-
quently sandwiched between the wire and the porous
traveling surface of a dewatering element such as a
dewatering cylinder positioned above the wire. To
effect such sandwiching, the wire and suspension are
guided downward over a first element such as a first
guiding cylinder or roll positioned beneath the wire and
upstream of the dewatering cylinder, and then guided
upward over a second element such as a second guiding
cylinder or roll positioned beneath the wire and down-
stream of the dewatering cylinder. In this manner the
wire travels in essentially the same plane before the first
element and after the second element and is caused to
deviate from such plane at the dewatering element. The
area beneath the wire extending from the position
where the wire disengages the first element to the posi-
tion of deepest penetration of the wire by the dewater-
ing element, is provided with a vacuum zone. The
Bubik et al application states that by using such struc-
ture, back flow originating in the upper portion of the
fiber suspension is prevented at the entrance of the
suspension onto the dewatering element. In addition, it
is stated that such structure prevents a strong back flow
in the zone between the first element and the dewater-
ing element, and that the prevention of such back flow
prevents damage to the fiber formation. In the forego-
ing application, recognition is made of the fact that in
the absence of the use of vacuum in such vacuum zone,
the upper layer of the fiber suspension will impact
against the dewatering element at a relatively steep
angle and at a relatively high impact point as a result of
the centrifugal force in operation upon the suspension,
and that such impact causes harmful back flow in the
upper layer of the fiber suspension which can damage
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the formation of the stock fibers in this upper region. To
further assist in the operation of the apparatus described
in the foregoing application, it is stated that a pressure
area is positioned in a zone generally existing between
the deepest penetration of the wire by the dewatering

element and the second element.
The use of such a vacuum zone in the apparatus of

Bubik et al is not believed to be adequately satisfactory
in preventing surface disruption of the fiber suspension
at machine speeds in excess of 800 f.p.m. In addition,
any advantage resulting from the dewatering associated
with the downstream pressure zone is believed to be
offset by the problem of maintaining the fiber suspen-
sion upon the Fourdrinier wire as the wire passes over
the second element and continues on to the next phase
of the papermaking operation in the presence of such

pressure.
Other efforts directed to the modernization of exist-

ing machinery have included the conversion of stan-
dard Fourdrinier machines into what has been referred
to in the industry as “hybrid formers.” Generally, a
hybrid former includes a typical Fourdrinier section of
a papermaking machine having a twin-wire former
installed on top of the existing forming medium. More
particularly, in such a structure an endless belt or wire
is placed above the forming medium and is caused to
travel around a plurality of rolls to squeeze the web
against the forming medium. The upper wire and the
paper web travel around a portion of a large diameter
roll and then arcs around additional rolls, suction being
applied to the forming medium after it leaves the last
roll, to assure that the paper web adheres to the forming
medium and continues through the papermaking pro-
Cess.

The installation of a hybrid former involves the use of

relatively complex and expensive apparatus. Such appa-
ratus may include multiple rolls such as those required
for guiding and stretching the upper belt or wire. In
addition, various dewatering devices need be provided,
as well as shower means and the like for cleaning the
upper belt or wire. Installation of a hybrid former also
requires proper alignment on its support structure to
assure proper operation, a task which is complicated
due to the excessive weight of the twin wire apparatus
which may be as high as 110 tons.

Accordingly, it i1s an object of this invention to pro-
vide a means whereby the efficiency of a Fourdrinier
machine and the quality of the product produced
thereon may be increased without the use of complex
and costly apparatus, and with minimum modification
of existing machinery.

Another object of this invention is to increase the
efficiency of a Fourdrinier machine and the quality of
the product produced thereon without the need for a
top wire or fabric loop traveling about a plurality of
rolls and other associated apparatus positioned above
the forming medium, and without the alignment prob-
lems associated with use of such a top wire.

Yet another object of this invention is to increase
Fourdrinier machine efficiency and paper quality by the
use of relatively simple apparatus capable of being lo-
cated at a position above the forming medium where the
average consistency of the constituent material is about
double that of the stock consistency at the headbox.

Still another object of this invention is to increase the
surface area of a forming roll against which the constit-
uent material 1s sandwiched by a forming medium with-
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out requiring an increase in the diameter of the forming
roll.

A further object of this invention is to obtain the
advantages of a hybrid former without a top wire or

fabric loop and the plurality of rolls associated there-
with by positioning a forming roll in the forming section
of a Fourdrinier machine above the forming medium

where the average consistency of the constituent mate-
rial is less than about 2%.

Yet a further object of this invention is to achieve all
the foregoing objects on a Fourdrinier machine operat-
ing at any machine speed including a speed in excess of
800 feet per minute (f.p.m.).

Another object of this invention is to achieve all of
the foregoing objects on a Fourdrinier machine in
which the degree of surface area of a forming roll
against which the constituent material is sandwiched by
a forming medium is substantially increased without the
use of vacuum augmenting apparatus beneath the form-
ing medium In the general area preceding where the
constituent material first engages the forming roll.

Yet another object of this invention is to achieve all
of the foregoing objects on a Fourdrinier machine in
which the degree of surface area of a forming roll
against which the constituent matenal is sandwiched by
a forming medium is substantially increased without the
use of a pressure zone beneath the forming medium in
the general area where the paper web disengages the
forming roll.

A further object of this invention is to achieve all of
the foregoing objects on a Fourdrinier machine while
substantially eliminating disruption of the product being
processed in the general area where the constituent
material engages and the paper web disengages the
forming roll.

SUMMARY OF THE INVENTION

This invention achieves these and other objects by
providing apparatus for use in the forming section of a
paper making machine for use in producing a paper-like
material upon a forming medium arranged for move-
ment through a horizontal plane. In forming the paper-
like material, the material is initially formed upon the
forming medium to engage a forming roll as a web/-
stock sandwich and subsequently disengage the forming
roll as a fully-formed web. Actually, the web/stock
sandwich is a partially formed web carried upon the
forming medium and having some residual stock above
it. The apparatus comprises a forming roll positioned
adjacent a web/stock sandwich contacting surface of
the forming medium, the roll having a stock engaging
surface. First directing means are positioned upstream
of the forming roll for directing the web/stock sand-
wich carried by the forming medium into engagement
with the roll surface in the absence of negative pressure
means, which induces negative pressure upon said web
through the forming medium, in the area between the
first directing means and where the web/stock sand-
wich first engages the roll surface. Second directing
means are positioned downstream of the forming roll
for directing the fully-formed web carried by the form-
ing medium away from the roll surface, the first and
second directing means engaging the side of the form-
ing medium which does not contact the web and to-
gether sandwiching the constituent material between
the forming medium and a substantial arc segment of
the surface in the absence of positive pressure means,
which exerts positive pressure upon the web through
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the forming medium, in an area which includes the area
formed by the substantial arc segment and extends to
the second directing means. Means are also positioned
on the side of the forming medium which does not
contact the web for providing negative pressure
through the forming medium in at least a portion of the
area which includes the area formed by the substantial
arc segment and extends to the second directing means.
The forming roll referred to herein is of the type which
does not include vacuum augmenting means therein. In
other words, the forming roll does not include internal
thereof suction means for drawing water from the web
through and into the roll.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a diagramatic representation of one embodi-
ment of the present invention;

FIG. 2 is a partial sectional view of a diagramatic
representation of an adjustable roll embodying the pres-
ent invention; and,

FIG. 3 is a diagramatic representation of yet another
embodiment of the present invention.

It should be noted that in order to simplify the draw-
ings similar reference numerals in FIGS. 1 to 3 identify
corresponding-type structure.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The embodiment of this invention which is i1llustrated
in FIGS. 1 and 2 is one which is particularly suited for
achieving the objects of this invention. FIG. 1 depicts a
portion of the forming section of a papermaking ma-
chine of the type wherein a forming medium receives
stock from a headbox at a first end (not shown) and
transfers a substantially self supporting paper web from
the forming medium at a second end (not shown). In the
forming section a portion of a web is formed from the
stock into a web/stock sandwich 2 which 1s carried
upon a forming medium 4 arranged for movement in the
direction of arrow 6 generally in a horizontal plane 4
other than where the forming medium is diverted away
from plane 4; by the forming roll 8 and equipment asso-
ciated therewith. Forming roll 8 i1s adapted to engage
the surface of the stock of the web/stock sandwich 2,
and is preferably a cylindrical roll having a foraminous
surface and constructed in the manner of a conventional
dandy roll which is well known in the art. Ecxept as
noted herein specific structure of the roll 8 forms no
part of this invention. Forming roll 8 may be attached at
each end thereof to a vertically oriented standard 10
having a bearing 12 into which the axle 14 of roll 8
extends. A suitable actuator is provided, as, for exam-
ple, hydraulic means 16 to allow roll 8 to be selectively
positioned to space the surface 18 of roll 8 relative to
the horizontal plane of the forming medium 4 as desired.
Forming roll 8 does not include any supplementary
belts and is therefore of the type wherein of the com-
bined forming roll structure the surface 18 is the sole
contact with the web/stock sandwich 2. In operation,
the stock is deposited on the forming medium at head-
box consistency and is partially formed prior to engage-
ment with the forming roll 8. Formation is completed
and a paper web having a smooth and substantially
finished surface is formed as the partially formed web
carrying the surface layer of stock is sandwiched be-
tween the forming medium 4 and forming roll 8. For
example, stock having a consistency of about 0.5 to 1%
may be deposited upon the forming medium, engage the
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forming roll at a consistency about double that of the
headbox consistency, 1 to 2%, and subsequently disen-
gage the forming roll at a consistency above about 4%.

The apparatus includes first directing means posi-
tioned upstream of the forming roll 8. The first directing
means directs the web/stock sandwich 2 carried by the
forming medium 4 into engagement with the surface 18
of the forming roll 8.

The apparatus also includes second directing means
positioned downstream of the forming roll 8. The sec-
ond directing means directs the fully-formed paper web
21 carried by the forming medium 4 away from surface
18 of forming roll 8, and back towards the horizontal
plane identified at 4. " y

The first and second directing means engage the side
of the forming medium 4 which does not contact the
paper web 2; and together sandwich the constituent
material between the forming medium 4 and a substan-
tial arc segment of surface 18. When used herein the
phrase “substantial arc segment” is meant to identify an
arc segment of at least 20°,

The first and second directing means may include,
without limitation, an open roll not unlike a dandy roll,
a suction roll, a curved shoe, a suction box or other
dewatering apparatus, and the like. For example, as
depicted in FIG. 1, the second directing means includes
an open roll 20 positioned beneath the forming medium
4 and extending in the cross machine direction whichis
a direction substantially at a right angle to the machine
direction 6 which is the direction in which the forming
medium travels during the papermaking operation. Roll
20 extending across the width of the machine, may be
attached at each end thereof to apparatus of the type
depicted in FIG. 2 to allow the roll 20 to be selectively
positioned to space roll surface 22 relative to the hori-
zontal plane of the forming medium 4 as desired. It will
be apparent to those skilled in the art that by moving
roll 20 in a vertical direction as identified by arrow 24
the degree to which the constituent material is sand-
wiched between forming medium 4 and roll surface 18
may be controlled. It will be equally apparent to those
skilled in the art that whether or not one or both of rolls
8 and 20 are moveable in any other direction the degree
of the arc segment of the roll 18 against which the form-
ing medium sandwiches the web/stock sandwich 2 will
be dependent to a certain extent upon the position of
surface 18 relative to surface 22.

In the embodiment of FIG. 1, the first directing
means is depicted as comprising a plurality of hydrofoil
blades as for example blades 32A and 32B positioned
beneath the forming medium and extending in the cross
machine direction in a known manner. The blades 32A
and 32B working in combination with the open roli 20
direct the forming medium 4 so as to direct the web/-
stock sandwich 2, which may have a consistency of less
than about 2%, into engagement with surface 18 at the
location designated 34 and so as to direct the fully
formed web 21, which may have a consistency of about
49% to 8%, away from surface 18 at the location desig-
nated 36. It is between the locations 34 and 36 that the
forming medium sandwiches the constituent material
against a substantial arc segment, designated 38, of sur-
face 18. The plurality of blades 32 are preferably at-
tached to a foil box 48 in 2 known manner, and at least
one of the blades may be vacuum augmented if desired.

In the embodiment of FIG. 1, the plurality of hydro-
foil blades 32A and 32B work in combination with the
open return roll 20 to direct (a) the forming medium 4
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and the web/stock sandwich into tangential engage-
ment with surface 18 at the location designated 34 and
(b) the forming medium 4 and the fully-formed web 2;
away from surface 18 at the location designated 36. The

embodiment depicted in FI1G. 1 is particularly suitable
for higher speed Fourdrinier machines as, for example,
those machines operating in excess of about 800 feet per

minute. In such applications it may be desirable to ad-
just the equipment as described herein so that the con-
stituent material is sandwiched between the forming
medium and an arc segment 38 of the roll surface rang-
ing between about 30° to 90°. For example, arc segment

38 in FIG. 1 is about 50°.
In the alternative embodiment depicted in FIG. 3, a

first directing means comprising a plurality of hydrofoil
blades as for example blades 33A and 33B positioned
beneath the forming medium 4, and extending 1n the
cross machine direction in a known manner work in
combination with the second directing means compris-
ing the open return roll 20 to direct the forming medium
4 and web/stock sandwich 2 into engagement with
surface 18 at the location designated 34 and the formed
web 21 away from surface 18 at the location designated
36;. The plurality of blades 33 include at least a first
blade 33A and a second blade 33B oriented to conform
to the forming medium. For example, the second blade
33B is positioned downstream of the first blade 33A. In
addition, blade 33B is further removed from the hori-
zontal plane of the forming medium 4 than 1s blade 33A.
" One or more additional blades may also be provided
- and oriented to conform to the forming medium. For
example, in the drawings an additional blade 33C is
provided. In this manner, a plurality of blades may be
provided comprising a first blade and at least one other
succeeding blade, each of the succeeding blades being
downstream of, and further removed from the horizon-
tal plane of the forming medium than the first blade and
~ any preceding blades. The plurality of blades 33 are
preferably attached to a foil box 48 of the type de-

 scribed herein regarding the embodiment of the present

invention depicted in FIG. 1.

In the embodiments of FIGS. 1 and 3, the first direct-
ing means directs the web/stock sandwich 2 carried by
the forming medium 4 into engagement with the surface
of the forming roll in the absence of negative pressure
means in the area between the first directing means and
where the constituent material first engages the roll
surface. This position is generally identified at 56 in the
drawings. It has been determined that in the embodi-
ments described herein it is not necessary to induce
negative pressure upon the web through the forming
medium in the area extending across the machine width
at 56, and therefore negative pressure means are not
positioned at this location.

In a like manner, in the embodiments of FIGS. 1 and
3, the second directing’ means directs the paper web
carried by the forming medium away from the surface
of the forming roll in the absence of positive pressure
means in the area which includes the area formed by the
arc segment 38 and 38; and extends to the second direct-
ing means. This position is generally identified at 58 in
the drawings. It has been determined that in the em-
bodiments described herein it is not necessary to exert
positive pressure upon the paper web through the form-
ing medium in the area extending across the machine
width at 58, and therefore positive pressure means are
not positioned at this location.
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In the embodiments of the present invention, means
are also positioned on the side of the forming medium 4
which does not contact the web for providing negative
pressure through the forming medium to assist in dewa-
tering and paper web formation and to draw the web
against the forming medium as the forming medium 1is
directed away from the forming roll at the location

designated 36 and 36;. Such means extend across the
machine width and in the machine direction for a length
equal to at least a portion of the area which extends
from the area formed by the arc segment 38 and 38; to
the second directing means. In other words, such means
extend in the cross machine direction for a length mea-
sured in the machine direction equal to at least a portion
of the position which is generally identified at 58 in the
drawings. For example, in the embodiments of FIGS. 1
and 3, such negative pressure means include a plurality
of hydrofoil blades positioned beneath the forming me-
dium adjacent to roll 8 and extending in the cross ma-
chine direction. Such blades are depicted as conforming
to the underside of the forming medium 4 and include at
least a first blade 40A and a second blade 40B. The
second blade 40B is positioned downstream of the first
blade 40A. In addition, blade 40A is further removed
from the horizontal plane of the forming medium than is
blade 40B. One or more additional blades 40C may also
be provided and oriented to conform to the forming
medium. In this manner, a plurality of blades may be
provided comprising a first blade and at least one other
succeeding blade, each of the succeeding blades being
downstream of, and closer to the horizontal plane of the
forming medium than, the first blade and any preceding
biades. Preferably, such blades are attached to a foil box
42 in a known manner and at least one of the blades may
be vacuum augmented. For example, foil box 42 which
extends in the cross machine direction for the full width
of the forming medium 4 includes a first chamber 44
beneath at least one of the blades 40 and a second cham-
ber 46 beneath at least one other of the blades 40. In the
apparatus, chamber 44 is vacuum augmented at one
negative pressure, and chamber 46 i1s vacuum aug-
mented at another negative pressure, usually but not
necessarily greater. In the embodiments of FIGS. 1 and
3 the open roll 20 is positioned downstream of the suc-
tion means and in particular is positioned downstream
of the second chamber 46, and the plurality of hydrofoil
blades 32 and 33 is positioned upstream of the plurality
of hydrofoil blades 40.

Hydrofoil blades referred to herein may be conven-
tional equipment used in the forming section of Fourdri-
nier papermaking machines. Such a conventional hy-
drofoil blade is a stationary blade-like structure posi-
tioned beneath the forming medium in supporting rela-
tionship thereto. The functions of the hydrofoil blade
include extracting water from the furnish or stock and
otherwise assuring proper formation of the paper web
being formed. However, the present invention is not
limited to such conventional blades. For example, the
hydrofoil blades referred to herein may be pulse induc-
ing blades having a dewatering configuration of the
type described in Sepal, U.S. Pat. No. 3,573,159. In the
preferred embodiment hydrofoil blades 32 are conven-
tional blades and hydrofoil blades 40 are of the pulse
inducing type.

Means also may be positioned adjacent and down-
stream of forming roll 8 above forming medium 4 and
extending in the cross machine direction for catching
water which may be flung from the forming roll during
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the operation thereof. As depicted in the drawings such
catching means may include a catch pan 50 mounted at
both sides of the papermaking machine in a known
manner.

The operation of the invention will now be described
with reference to the apparatus of FIG. 1. Initially,
stock is flowed onto the Fourdrinier forming medium 4
from a head box (not shown). As the forming medium
travels in the direction identified by arrow 6, water is
removed and a portion of a web is formed in a known
manner. Until the average consistency of the material
reaches 2 to 2.5%, there is still residual stock at a consis-
tency equal to or slightly higher than the headbox con-
sistency above the formed web. The hydrofoil blades 32
direct the forming medium 4 such that the forming roll

8 makes its initial contact with the stock at the point of

tangency identified by reference numeral 34. The form-
ing medium carrying the constituent material pro-
gresses and is caused to engage roll surface 18 through-

out the arc segment 38 which represents a wrap of

about 50°,
Without wishing or intending to be bound by a the-

ory of operation, it is believed that during about the first
half of the wrap dewatering is caused only by the press-
ing action of the forming medium against the forming
roll. Although the bulk of the water so removed passes
into the forming roll from the stock suspension on the
top of the partially formed web, some water 1s forced
downwardly through the forming medium. In addition
to removing water, the squeezing action causes im-

provement in sheet uniformity. During the second half

of the wrap, the forming medium passes over the vac-
uum augmented hydrofoil blades 40 causing the bulk of
the water at this portion of the wrap to be drawn down-
ward through the forming medium. The effect of the
suction applied by the hydrofoil blades 40 and the aug-
mented vacuum causes the substantially formed web to
follow the forming medium rather than to adhere to the
forming roll as the web and forming medium disengage
the roll at the position identified by reference numeral
36.

Much of the water which has passed into roll 18 will
be flung centrifugally out of the roll after the forming
medium and roll disengage at 36. Such water will be
caught by pan 50. The forming medium carrying the
formed web then passes over the open return roll 20, a
plurality of suction devices and the couch roll (not
shown) as the forming medium travels back to the hori-
zontal plane identified by arrow 6.

Regarding the operation of the embodiment of FIG.
3, the blades 33 are not subjected to vacuum agument-
ing means. In fact, preferably the blades will be de-
signed such that the forming medium 4 engages the
leading surface and the trailing surface of the blades in
such a manner that the dewatering typical of conven-
tional hydrofoil blades is minimized or substantially
eliminated. In this manner, and by changing the wire
direction in small increments from blade 33A to blade
33B, surface disruption of the layer of stock carried by
the web is believed to be substantially eliminated as the
forming medium travels away from plane 41 and the
web/stock sandwich engages the roll at 34.

The embodiments which have been described herein
are but some of several which utilize this invention and
are set forth here by way of illustration but not of limita-
tion. It is apparent that many other embodiments which
will be readily apparent to those skilled in the art may
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be made without departing materially from the spirit
and scope of this invention.

What is claimed 1s:

1. Apparatus for use in the forming section of a paper-
making machine for use in producing a paper-like mate-
rial upon a forming medium having a horizontal form-
ing surface arranged for movement through a horizon-
tal plane wherein in forming said paper-like material,
said material is initially formed upon said forming me-
dium to engage a forming roll as a web/stock sandwich
and subsequently disengage said forming roll as a fully-
formed web, said apparatus comprising in combination:

(a) a forming roll not having internal suction means
or supplementary belts positioned adjacent a web
contacting surface of said forming medium, said
roll having a stock-engaging surface, said roll being
located a distance downstream along said horizon-
tal forming surface;

(b) first directing means positioned on the side of said
forming medium which does not contact said web
and spaced upstream of said forming roll for direct-
ing said web/stock sandwich carried by said form-
ing medium into engagement with said roll surface
in the absence of negative pressure means, which
induces negative pressure upon said web through
said forming medium, in the area between said first
directing means and where said web/stock sand-
wich first engages said roll surface;

(c) second directing means positioned on the side of
said forming medium which does not contact said
web and spaced downstream of said forming roll
for directing said fully-formed web carried by said
forming medium away from said stock engaging
surface, said first and second directing means en-
gaging the side of said forming medium which does
not contact said web and together sandwiching
said web/stock sandwich between said forming
medium and a substantial arc segment of said stock
engaging surface of said roll in the absence of posi-
tive pressure means, which exerts positive pressure
upon said web through said forming medium, in an
area which includes said area formed by said sub-
stantial arc segment and extends to said second
directing means;

(d) suction means positioned on the side of said form-
ing medium which does not contact said web/stock
sandwich and between said first and second direct-
ing means for providing negative pressure through
said forming medium in at least a portion of said
area which includes said area formed by said sub-
stantial arc segment and extends to said second
directing means, said at least a portion including a
portion of said substantial arc segment formed with
said roll and a portion of the area between said
substantial arc segment formed by said roll and said
second directing means; and,

(¢) said suction means comprising a plurality of vac-
vum inducing hydrofoil blades which extend
across the width of said machine including a first
blade and at least one other succeeding blade, each
of said at least one other succeeding blades being
downstream of said first blade and any other pre-
ceding blade, said plurality of hydrofoil blades
being positioned beneath the forming medium adja-
cent to said roll at said portion of said substantial
arc segment formed with said roll and said portion
of said area between said substantial arc segment
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formed by said roll and said second directing
means.

2. The apparatus of claim 1 wherein said first direct-
ing means includes another plurality of vacuum induc-
ing hydrofoil blades extending across the width of said
machine.

3. The apparatus of claim 1 wherein said second di-
recting means includes a roll extending across the width
of said machine.

4. The apparatus of claim 2 wherein said second di-
recting means includes a roll extending across the width
of said machine.

5. The apparatus of claim 2 wherein said another
plurality of blades comprises a first blade and at least
one other succeeding blade, each of said at least one
other succeeding blades being downstream of, and fur-
ther removed from said horizontal plane than, said first
blade and any other preceding blade.

6. The apparatus of claim 4 wherein said another
plurality of blades comprises a first blade and at least
one other succeeding blade, each of said at least one
other succeeding blades being downstream of, and fur-
ther removed from said horizontal plane than, said first

blade and any other preceding blade.
7. The apparatus of claim 1 wherein each of said at

least one other succeeding blades is closer to said hori-
zontal plane than said first blade and any other preced-
ing blade.

8. The apparatus of claim 2 wherein said another
plurality of blades is attached to a first foil box and said
plurality of blades is attached to a second foil box, and
wherein at least one of said blades of at least one of said
plurality of blades is vacuum augmented by further
suction means.

9. The apparatus of claim 8 wherein said second box
includes a first chamber beneath at least one of said
blades and a second chamber beneath at least one other
of said blades, said first chamber being vacuum aug-
mented at one negative pressure and said second cham-
ber being vacuum augmented at another negative pres-
sure, sald second chamber being downstream of said
first chamber.

10. The apparatus of claim 4 wherein said another
plurality of blades is attached to a first foil box and said
plurality of blades is attached to a second foil box, and
wherein at least one of said blades of at least one of said
plurality of blades is vacuum augmented by further
suction means.

11. The apparatus of claim 10 wherein said second
box includes a first chamber beneath at least one of said
blades and a second chamber beneath at least one other
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of said blades, said first chamber being vacuum aug-
mented at one negative pressure and said second cham-
ber being vacuum augmented at another negative pres-
sure, said second chamber being downstream of said
first chamber.

12. The apparatus of claim 5§ wherein said another
plurality of blades is attached to a first foil box and said
plurality of blades is attached to a second foil box, and
wherein at least one of said blades of at least one of said
plurality of blades is vacuum augmented by further
suction means.

13. The apparatus of claim 12 wherein said second
box includes a first chamber beneath at least one of said
blades and a second chamber beneath at least one other
of said blades, said first chamber being vacuum aug-
mented at one negative pressure and said second cham-
ber being vacuum augmented at another negative pres-
sure, said second chamber being downstream of said
first chamber.

14. The apparatus of claim 6 wherein said another
plurality of blades is attached to a first foil box and said
plurality of blades is attached to a second foil box, and
wherein at least one of said blades of at least one of said
plurality of blades is vacuum augmented by further
suction means.

15. The apparatus of claim 14 wherein said second
box includes a first chamber beneath at least one of said
blades and a second chamber beneath at least one other
of said blades, said first chamber being vacuum aug-
mented at one negative pressure and said second cham-
ber being vacuum augmented at another negative pres-
sure, said second chamber being downstream of said
first chamber.

16. The apparatus of claim 1 including means posi-
tioned adjacent and downstream of said forming roll
above said forming medium and extending in the cross
machine direction for catching water which may be
flung from said forming roll during the operation
thereof.

17. The apparatus of claim 2 including means posi-
tioned adjacent and downstream of said forming roll
above said forming medium and extending in the cross
machine direction for catching water which may be
flung from said forming roll during the operation
thereof.

18. The apparatus of claim 1 wherein said plurality of
blades includes at least one pulse inducing blade.

19. The apparatus of claim 2 wherein said plurality of

blades includes at least one pulse inducing blade.
2 * * ¥ *
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